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Aithough Buerger’i disease is knoii^’n to be closely related to raoking, oo Directive analysis 
of the smoke^assodated problems has been performetL In this study, codninc, the major 
metabolite of nicotine, was used as a sensitive marker to measure levels of active smoking 
and the exposure of nonsmokers to tobacco smoke because it has a relatively long half*iifc 
and because cotinine levels can be detennined by ooninvasivc means in urine. Accxirding 
to urinary cotuiinc levels, 40 patients with Buerger’s disease were classified as (I) tmokers: 
those with urinary' codnint levels abo%x 50 zig/mg creatinine; (2) passive smokers: those 
s^nth levels berv^xen 10 and 50 ng/tng creatimne; and (3) nonsmokers who did not 
experience oodceable passive smoking: those with levels below lOng/mg orcadnine. There 
were 10 smokers, 9 passh’c smokers, and 21 nonsmokers. The course of the d is ea.se, after 
the inidal treatmenr at oor hospital, was studied retrospeedvdy . Seven of the 10 smokers, 
none of the 9 passbr smoken, and 4 of the 21 nonsmokers experienced aggravation cif the 
disease. Of the four nonsmokers who experienced aggravadon^ three had sdll been smokers 
and one had been exposed to tobacco smoke in the workplace at the dme of relapse. There 
was a significant difiference in the aggravadon rate between the smokers’ group and the 
other two groups. Among the smokers, the seven padents whose coodidons worsened 
showed significandy higher codninc lc%*els than the three remaining padents who were in 
the stage of remission; The conclusions were: (1) a very dose reladon between active 
smoking and the course of Buerger’s disease was established, and (2) effects of passisx 
smoking on the disease process were sdll incondusive, (J Vasc Su&c 1991;14:53*8.) 


Buerger’s disease is characterized by peripheral 
cj^fial occlusion of the cxTrcmidcs most frequently 
/oung adult male smoken.*' In genera], all 
padents with Buerger’s disease have a history of 
smoking, and smoking is also known to be closely 
related to exacerbations of the disease.*'* The oudbok 
in regard to the effects on the limbs of a padenr uith 
Buerger’s disease is favorable if he stops smoking, but 
the disease gets prog^cssi^'ciy worse if he continues to 
sn'iokc.*'^ 

However, wx have occasionally found that the 
recurred in padents who stated that the\' had 
abstained from smoking. Many of them may ha\’c 
been l>Tng about their smoking habits: some were 
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deemed to have denied themselves the pleasure of 
smoking but had been exposed to tobacco smoke in 
the home and workplace. Because there is no 
objective test to evaluate smoking, prerious studies 
have had to depend on padents’ testimony of 
smoking habits. An objeedve method of c\'aJuadon of 
the degree of active and passive smoking is necessary' 
to elucidate the relationship bcruccn smoking and 
Buerger’s disease. 

By measuring urinary'concentration of codninc, 
the major metabolite of nicotine, we found a 
correlation between smoking and the natural course 
of Buerger’s disease in retrospective study. 

PATIENTS AND METHODS 

Urine samples were collected for measurement of 
nicotine and codninc levels from 50 volunteers (23 
smokers and 27 nonsmokers) without r>odccabk 
passive smoking and whose statements of smoking 
histories were regarded as reliable. The time partem 
of nicotine and codninc excretion was studied to 
judge whether alkaloid is suitable as the nnarker for 

53 


Source: https://www.industrydocunnents.ucsf.edu/docs/zkpx0000 


2023511857 




S4 AiaOHihiSA, Shitmeyty mud Mmtswfu/tc 


smoking from the standpoint of the half-life of 
conninc in the human body. For this purpose, 
urinary' nicotine and cotinxnc levels of a healthy 
nonsmokcr (erne of the authon) were measured after 
he had smoked one cigarette and after he had been 
placed in a passive smoking environment. For our 
passive smoking experiment, the subjea was placed 
in an airtight nx>m (19.1 tn*) and exposed to 
side-stream tobacco smoke from a total of 40 
dgarertes for 3 hours. 

Urine samples from 40 poents with Buerger’s 
disease were coUected (one for each ease) when the 
padents came to our dinic. Each pdenfs statement 
about current smoking status arKi inNoluntars’ caqpo- 
sure to smoking requested at each visit. Our 
clinical criteria for the diagnosis of Buerger’s disease 
arc: (1): history’ of smoking; (2) onset before the age 
of 50 years; (3)i infirapoplitca] arterial ocdtisivc 
disease; (4) either upper-limb involvement or phie- 
bids migrans; and (5) absence of atheroscldoric risk 
factors other than smoking. The dmical diagnc^is of 
Buerger’s disease was made when all five require¬ 
ments were met.*'* Infrapoplitcal obscruenon was 
confirmed by arteriography in each ease, and arterio 
graphic findings such as tapering or abrupt occlusion, 
corkscrew or rootiike appearance of collarcrais, and 
corrugated appearance $cr\’cd as supporting c\n- 
dencc. All of the patients had a history' of smoking 
cforc the onset of the disease. At onset, die age of 
these 40 padents ranged from 26 to 49 years (mean, 
37 y'can) . There were 38 men and 2 women. Ail 40 
padents had been treated in our insdrudon for more 
chan 1 1 year, and 'their ease histories were reviewed 
rctrospccdvcJy. The inidaJ treatments of these pa¬ 
tients were bypass grafting and sympathetcctomy in 
2, bypass grafting in 4, sympathcrcaomy in 24, and 
mecLical treatment only in 10. The follow-up period 
ranged from 1 to 22 years, sx'ith a mean of 8.3 years. 
In ease of recurrence of pain at rest, ischemic 
ulceration^ or graft failure (except early failure, less 
than 30 day?), which were confirmed by tblJbw-up 
surveillance, the patient \x*as considered clinically to 
have “aggravation of the disease.” 

Urinary nicotine and cotinine Jexrls were deter¬ 
mined by high-performance liquid chromatography 
(HPLC) according to Mizobuchi’s method* with 
some modifications. We changed the extraction 
procedures in order to assess very’ k)w levels of these 
alkaloids. Urine samples were stored at *- 20* C until 
analysis. Ten milliliters of urine was centrifuged. 
After the addition of 4 gm sodium chloride, 0.1 ml 
25% ammonium hydroxide, and 2 ml chloroform, 
the urine samples were shaken for 10 minutes and 
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centrifuged at 12,000 rpm for 10 minutes. The 
chloroform layer was collcacd and tiicn shaken with 
5 ml of 0.1 N hydrochloric add for 10 minutes and 
centrifuged at 12,000 rpm for 10 minutes. The 
resulting aqueous layer w'as shaken with 2 gm sodium > 
hydrochloride, 0.2 ml ammonium hydrochloride, 
and 1 ml chloroform, and then centrifuged at 12,000 
rpm. Fifty microlitcn of this chloroform! layer was 
used for the HPLC. Average total recoveries were 
98% for nicotine amd 85% for cotinine. The detec¬ 
tion Emits of nicotine and cotinine were 2 ng/ml and 
3 ng/ml, respectively. Urinary' nicotine and cotinine 
values were normalized by creatinine excretion and 
expressed as nanograim per miUigram of creatminc, 

Suostica) signilScance was asse»ed by Student’s 
t test or chi-square analysis, and the results were 
considered significant at p < 0.05. 

RESULTS 

For the healthy control subjects, urinary' nicotine 
levels were 576 ^ 474 ng/mg creatinine (mean 
value ± standard deviation): in the smokers, and 
5.2 X 3.8 ng/mg creatinine in the nonsmoken who 
did not have perceptible involuntary exposure to 
tobacco smoke (p < 0.01). Urinary cotinine Icvcb 
for tiicsc rwo groups were also significantly 
different (859 ±814 ng/fng creatinine in the 
smokcre vs 5.6 ± 2.3 ng/mg creatinine in the non- 
smokers, p < 0.01). Urinary cotinine levels dis¬ 
criminated berv'een the smokers and the nonsmokers 
more distinctly than nicotine levels. Therefore those 
with urinary cotinine Ifevcls above 50 ng/mg creati¬ 
nine may be regarded: as smokers (Fig. 1), In 
smokers, urinary excretion of cotinine roughly cor¬ 
related to self-reported'cigarette consumption (Fig. 
2). Fig. 3 shows urinary nicotine and cotinine levels 
in a healthy nonsmokcr after he had smoked one 
Gigarette and after he had been exposed to side-stream 
smoke. Urinary cotinine elevation after active smok¬ 
ing lasted for 60 hours. The urinan* cotinine level' 
after passive smoking was lower compared with the 
level after active smoking, but it showed the same rise 
and fall as the level after active smoking. The 
disappearance of nicotine from the urine was faster 
than that of cotinine. Because of this, only the urinary 
cotinine level was used for studies on the patients. 

Fig, 4 shows the urinary cotinine levels in patients 
with Buerger’s disease. All three patients who conT 
fessed themselves to be current smokers had cotinine 
levels that were higher than 50 ng/mg creatinine. Of 
the 37 patients who asserted that they’ were nor active 
smokers, seven (19%) bad cotinine levels above 50 
ng/mg creatinine. According to our definition, these 
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Fig. 1. Urinary nicotine levels (J^) and cooninc levels 
(ru^ht) of nonsmokers and smokers^ in healthy control 
f 'bjccts. There were signi^cant differences between the 
r.v o groups (p < 0.01). Cotininc le^’cls discriminate be- 
T^^een smokm and nonstnokers more distinedy chan 
nicotine levels do. 

seven patients were considered active smokers, 
whereas the other 30 patients were regarded! as 
exsmokers. The 30 exsmokers were then di\’idcd into 
rsvo groups, on the grounds of self-reported invol- 

irj' exposure to smoking. Urinaiy' cotininc levels 
- .; c 10.2 ± 4.2 ng/mg creatinine in those who were 
invohintarily exposed to smoking and 6.1 ^ 3.5 
ng/mg creatinine in those \s’ho were not exposed 
{p < 0.01) (Fig. 5) . On the basis of these results, we 
decided that for this srud%\ those with vnnuy 
cotininc Icvcb between 10 and 50 ng/mg creatinine 
would be identified as nonsmokers with noticeable 
passive smoking (passive smokers) and those with 
1 C ’b below 10 ng/mg crcadninc would be identified 
ai ivonsmokcTS without pcrccpriblc passive smoking 
(Fig. 5). 

The 40 patients were classified into three groups: 
(1) those with urinary cotininc levels above 50 ng/mg 
creatinine (active smokers), (2) those with cotinine 
levels between 10 and 50 ng/mg cncatinmc (passive 
*mokcrs), and (3) :thosc with cotininc levels b^w 10 
ng/mg creatinine (nonsmokers without noticeable 
r*3^sivc smoking). Eventually, 10 patients were dis- 
sihed as active smokers, 9 as passive smokers, and 21 
Bs nonsmokers. The disease worsened in 7 (70%) of 


Fig. 2, Urinar)’ corimne levels in smokers. Smokers were 
classified! into four groups on the basis of self-reported 
dgarctre consumpooa Urinary corininc levels roughly 
correlated ro daily cigarerte coiisumption. 

the 10 smokers; in none (0%)i of the 9 passive 
smokers; and in 4 (19%) of the 21 nonsmokers. 
There were significant differences in the rare of the 
aggravation of the disease between the smokers and 
the passive smokers {p < 0.01) and benveen the 
smokers and the nonsmokers {p < 0.01). However, 
DO significant differences in the rate of aggravation 
were found benveen the passive smokers and die 
nonsmokers (Fig. 6), Of the four c.xsmokcrs who 
experienced worsening of the disease, rfirec admitted 
that they had soil been active smokers at that rime. 
The other one stated that he had been involuntarily 
exposed to noticeable smoking in the workplace all 
day at the rime of recurrence. This patient had 
SNinpathctcaomy and bypass operarion of the left kg 
for the initial treatmenL Four yean later, fcmorocru- 
rai bypass grafting in the right leg was necessary 
because of right popliteal ancry occlusion that was a 
resuk of a skip lesion. Thereaifrer, howcrvTT, be has 
kept away from tobacco smoke in the workplace and 
he has b^ doing well for 2 yean (Fig. 6). Among 
the 10 current smokers, the mean corininc level 
for the seven paoents who had aggravation of the 
disease was significantly higher than the level for 
three patients who did not experience relapses 
(1208 ± 734 ng/mg creatinine vs 147 S; 79 ng/mg 
creatinine, p < 0.05). 
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Fig. 3. Urinan* nicodnc (broken U$u} and codnznc (tohdkme) cxcrcdon over time. After active 
smokingand after high involuntary^ exposure to smoke (btUno), in a healthy nonsmoker. 
Coiininc levels decreased nrjorc slowlv than nicotine leveli did. 


DISCUSSION 

Carboxy^cmoglobiri' or nicotine concentrations 
have been used as indicators of smoking.^* In 
vascular surgery’, carboxy’hcmoglobin has been used 
to determine smoking habits of padents who had 
artcriaJ rcconsmicdvc operations,*’ and Wiseman 
ct all’ reponedi that the median concentration of 
carboxy^cmoglobin was signiftcandy higher in rhosc 
patients whose grafts had failed than in those whose 
grafts were patent. Howc\-cr, blood carboxyhcmch 
globin concentrations have not proved to be markers 
specific to smokingv and nicotine measurements have 
been regarded as providing more accurate assess- 
ments.^® Rcccndy, cotininc has been considered a 
more sensitive marker of smoking because it has a 
much longer plasma half-lift than nicotine does 
(about 30 houn vs about 30 minutes).” ** In this 
study, urinary cotininc IcvtIs dearly disaiirufutcd 
between smokers and nonsmokers. By measurement 
of cotininc levels, 10 patients were identified as acti\^ 
smokers, although seven of them daimed to have quit 
smoking. Of these 10 active smokers, seven experi¬ 
enced aggravation, and there was a significant d^er- 
cncc in the rate of aggravation between active 
smokers and exsmokets. It was confirmed that active 


smoking was very closely related to recurrences of 
Buerge^s disease. Three former smokers, however, 
experienced worsening of the disease even though 
their urinary’ cotininc level remained u’ithin a non- 
smoker’s or a passive smoker’s range. Since the 
urinary cotininc clc\*ation after smoking lasted' for 
only ^ hours, our assessments of smoking were 
limited to a very short period. Past smoking habits 
cannot be estimated by ill-timed: measurement of 
cotininc, a short-term marker, when patients have 
abstained from smoking. Serial examination of uri^ 
nary cotininc levels should be pjcrformcd to solve this 
problem. 

Because the number of dgarcncs smoked roughly’ 
correlated with the urinary’ cotininc level,*'*'” this 
Icvd may refiea the intensify’ of smoking. How’cvcr, 
there was considerable variation in cotininc excretion 
among subjects who smoked approximatdy the same 
number of dganettes. These variations were assumed 
to be caused by differences in nicotine content per . 
cigarette and in the maiuicr of smoking (inhaling or 
puffing, frequency, length of dgarettes smoked).***” 
In this study, among the patients who continued to 
smoke, those who experienced aggravation of the 
disease had significantly higher cotininc Icvcb than , 
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(1.3?): {1-31 

? j:. 4. Urinary codninc icvtds. Paricncs were dirided into 
rv^o groups according to their statements about dieir 
smokmg habits. Regardless of their claims, they 
dassifed as smokers if the)’ had urinar)’ cotimne Ic\t1s 
above SO ng/mg creatinine- 

those who Avere in rcmissioni Hown’cr^ c\ cn among 
rhosc v’ho experienced aggravation, the urinan* 
cc^>^:nc levels varied uidciy. It seems impossible to 
which patient become worse, judging 
rum I the number of cigarettes that %vcrc smoked. 

Recent studies have indicated that involuntan* 
exposure to smoking may be as harmful as acti\r 
smoking:** Sinzingcr and Kefalidcs** reponed that 
passive smoking reduced platelet sensioxin* to anti- 
aggregatorj' prosuglandins (E 2 > 1^, Dj), and the 
reduction in sensitivity was much more sevtrt in 
Smokers than in smokers. PassixT smoking mi^t 
a poor influence on die cardiovascular system 
for nonsmokers. In riiis study, the influence of 
involuntary exposure to smoking on Buerger’s dis¬ 
ease was srudiod by measurement of urinary cotininc 
levels, bur no significant relationship betxaren invol¬ 
untary exposure to smoking and recurrence of the 
disease u-as found. However, there was one patient 
'x'ho had aggravation of the disease, who testified to 
Iwxv abandoned smoking habits, and this person had 
urinary cotininc level of a nonsmokcr. Because he 
been involuntarily exposed to noticeable smok¬ 
ing at the time of worsening of the disease and is not 
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Fig. 5. Urinar)’ cotininc Icvcb of nonsmoken without 
involuniarj’ exposure to smoking and nonsmoken with 
involuntar)’ exposure to smoking, There was a significant 
difference benveen the two groups < 0.01). 
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Fig. 6. Urinary codninc levels and the course of Buerger’s 
disease. There were significant differences in aggrax’anon 
bersveen the smoken’ group and the other two groups, but 
no significant differences were found bcrw’cen passive 
smokers and nonsmokers unthout noticeable pa$si\*c smok¬ 
ing; Three (asterish) of the four nonsmokers with aggra- 
vared conditions suted that the)' had been smoking at the 
rime of worsening of the disease. 
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exposed to tobacco smoke now, the worsening of his 
disease may be associated with the past involuntary' 
exposure to smoking. The mcorrca tuning of urinary 
cotininc measurement may explain why no significant 
ttladonship was found bcn\Tcn passive smoking and 
the worsening of the disease in this study, A 
cooperative epidemiologic and dinicaJ'study that is 
based on the bng-term and timely rv*aluaoon of 
effeos on health of involuntary exposure to smoking 
may proridc the evidence to support the hypothesis 
that passive smokix^ can influence the occurrence of 
Buerger’s disease and the worsening of the discisc 
process, 

-In condusionv corininc is a sensitive but short- 
tenn marker of smoking. Smoking tobacco was very 
dosei)' related to the course of Buerger’s disease, but 
no significant correlation between passive smoking 
and the disease process has been found yet. 
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